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SUMMARY 


The low-speed aerodynamic characteristics of the 
fa * 1 .0, Ci = 0 .6 ~j 

<1 i airfoil section were determined 


NACA 66, „ . -210 
(09) 


0.6, Cj = -O.U j* 


from tests in the Langley two-dimensional low- turbulence pressure tunnel. 
These data and similar data for the NACA 66-210, a=1.0 airfoil are 
presented. By the use of these low- speed data and high-speed data 

obtained in the Ames 1- by ^-foot high-speed tunnel, a comparison of the 


NflCA 66 (09)' 210 


a * 1 *0, c-j * 0 .6^ 
a = 0.6, Ci = — O.L j 


and NACA 66-210, a=1.0 airfoils was 


made at hoth low and high speeds . The high-speed data indicated that’ 
the airfoil with the special mean line had a drag-divergence Mach 
number at the design lift coefficient slightly higher than that of 
the NACA 66-210, a=1.0 airfoil section, but this Increase was not so 
great as that shown by calculations based on low-speed data of the 
critical Mach numbers for the two airfoils. With the exception of a 
negative Increase of about 50 percent in the pitching moment, the low- 
speed characteristics of the airfoil with the special mean line were In 
essential agreement with those of the same airfoil having the 
a = 1 .0 mean line . 


INTRODUCTION 


The mean-camber line of an airfoil may be so designed that the 
induced velocities resulting from the camber will occur over that part of 
the airfoil chord along which the induced velocities resulting from the 
basic thickness form are small. Thus, by a proper combination of mean 
line and basic thickness form, the critical Mach number of a cambered 
airfoil may be increased above that usually predicted for an airfoil 
cambered with a more conventional- type mean line such as the a = 1.0. 
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Lift was measured by taking the difference betweeen the pressure 
reaction upon the floor and ceiling of the tunnel; drag was determined "by 
the wake-survey method; and pitching moments were measured by a torque 
balance. Measurements of the pressure distribution about the airfoil 
were made by means of small pressure orifices located on the upper and 
lower surfaces of the model midway between the vertical walls of the 
tunnel . A more complete description of the tunnel and the methods of 
obtaining and reducing the data are contained in reference 4. 

Lift, drag, and pitching-moment measurements were made for the plain 

c 

airfoil in the smooth condition at Reynolds numbers of 3*0 x 10°, 

6 .0 x 10^, and 9 .0 x 10^. The lift and moment characteristics of the 
airfoil equipped with a simulated split flap deflected 6o° were measured 

at a Reynolds number of 6.0 x loA In order to show the effect of surface 
condition upon the aerodynamic characteristics, lift and drag tests of the 
airfoil were made with standard roughness applied to the leading edge of 
the model. The roughness employed on the 2k -inch-chord model consisted of 
0 .011- inch-diameter carborundum grains spread over a surface length 
of 0 .0Bc behind the leading edge of the airfoil on the upper and lower 
surfaces. The grains were thinly spread to cover from 5 to 10 percent of 
this area. The pressure distributions corresponding to a range of angle 
of attack extending from the positive to the negative stall were deter- 
mined for the smooth plain airfoil at a Reynolds number of 6 .0 X 10^'. 


RESULTS AND DISCUSSION 


The influence of the tunnel boundaries has been removed from all the 
aerodynamic data by means of the following relations (developed in 
reference 4) : 


m 


C 1 

= 0.974^' 

a o 

= 1.015a o ’ 


= 0.989c 

l c/4 

m c 

c d 

= 0.989c d ’ 


A 


where the primed quantities represent the measured coefficients. The 
corrections made to the pressure data were derived on the same basis and 
were of the same order of maf^riitude as those made to the coefficients. 
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Critical-speed characteristics .- The critical -speed data predicted 
from theoretical low-speed pressure distributions by the method of 
reference 5 indicate that the airfoil vlth the special mean line ha3 
critical Mach numbers which are about 0.015 larger than those of the 
same airfoil with the a = 1.0 mean line (fig. k) . This increase is 
only apparent within that range of lift coefficient over which the 
critical Mach number varies linearly . 

The center of that range of lift coefficient within which the 
critical Mach number varies linearly with lift coefficient changes to a 
value less than the theoretical design lift coefficient when the experi- 
mental rather than the theoretical low-speed pressure distributions are 
used for predicting the critical Mach numbers (fig. U) . The term 
"effective design lift coefficient" is used when referring to this 
experimental center. A decrease in the extent of the high critical Mach 
number range and an increase in the values of the critical Mach numbers 
within this range are also evident when the critical-speed curve predicted 
from the experimental pressure distribution is compared with that 
predicted from the theoretical pressure distributions. These same trends 
are noted in the results for some of the airfoils discussed in refer- 
ence 1 . 

Some insight into the differences between the critical- epeed charac- 
teristics of the airfoil as predicted from theoretical and experimental 
low-speed pressure distributions may be gained from figure % Shown in 
figure 5 are data representing the experimental pressure distribution for 
which the gradients most nearly agree over the forward part of the air- 
foil with those calculated theoretically for the design-lift condition. 

The failure of the theoretical load distribution to be realized experi- 
mentally for this condition (fig. 5) is responsible for the previously 
mentioned differences between the theoretical and effective design lift 
coefficients. A study of figure 6 indicates the formation of negative 
pressure peaks near the leading edge to be responsible for the short 
range of lift coefficient through which the critical Mach number varies 
linearly. The experimental peak negative pressure for the effective 
design-lift condition is less than that for the theoretical design lift 
coefficient (fig. 5), which accounts for the difference in magnitude of 
the critical Mach numbers corresponding to the theoretical and effective 
design lift coefficients (fig. 4) . 

The experimental pressure distributions of airfoils with the 
a = 1.0 type mean line agree quite well with those predicted theoreti- 
cally (reference 3)* The critical-speed characteristics of the airfoil 
with the special mean line, relative to those of the airfoil with the 
a = 1 .0 type mean line, would seem therefore to depend upon which type 
of pressure distribution, theoretical or experimental, is considered as 
a basis for predicting the critical Mach numbers. Fortunately, in view 
of the confusing critical- speed results, high-speed data exist (refer- 
ence 2 ) which permit an evaluation of the airfoil with the special mean 
line on the basis of drag- divergence Mach numbers. High-speed data are 
presented in reference 2 for a special mean-line airfoil similar to the 
airfoil considered in the present investigation, except that the rear 
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TABLE I 

ORDINATES OP THE 

:!aoa 66 <o9)- 2i ° j : : it 

AIRFOIL SECTION 


- 0.6 
c li = -°4 


[ Stations and ordinates given 
in percent of airfoil chord] 


Upper s urf ace 
Station 


0 

475 
.722 
1.220 
2469 
4.968 
7469 
.971 

475 
19.979 
24.9g5 
29.985 
54.936 

.9g5 

.980 

1+9.971 

54*955 

59415 

64.886 

69.901 

74.954 

79.975 

85.009 

90.030 

95.029 

100.000 


a! 




Ordinate 


l 


Lower surface 


Station Ordinate 


.52^ 

iJLo 

2.551 
5.032 

7.551 

10.029 
15.025 
20.021 
25.017 
30.015 

35.014 

40.015 

45.O2O 

50.029 
55.045 
60.087 
65.14 
70.099 

75.066 

8o.027 

84.991 

89.970 

94.971 

100.000 


0 


- 1.101 

-1.450 

*1.973 

.2.387 

■2.741 

-3.510 

-5.751 

- 4.092 

-4.549 
-4.527 
-4.635 
-4.662 
-4 .611 

-4471 

-4.209 

-5.751 

-5.094 

-2.363 

-1.603 

-.859 

-.219 

-.203 

0 


L.E. radius: 0.645 

Slope of radius through L.E. 


0.033 



l 


MCA TN No. I633 



mean line. 



Figure 



Percent chord , 

(c) Load distribution of the NACA 4 \ 

Aa = 0.6, c^ = -O.if 

mean line (formed by superposition of the load / 
distributions of the NACA a = 1.0. c, = 0 6 

L 1 

and NACA a — 0.6, -O.lj. mean lines). 

Cb. - 1.0, c 

1.- Load distribution of the mean line NACA < „ . 

)a = 0.6, c 

and component mean lines from which it is formed. 
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Figure Ij..- Comparison of critical and drag divergence Mach numbers of the 


NACA 66 (09 )-210 \ 

airfoil sections. 


= 1.0, C; 1 = 

a = 0.6, 


and the NACA 66-210, a = 1.0 
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Figure 5 .- Comparison of the experimental pressure distribution of the 

= 1,0, C; = 0.6} 

NACA 66(q 9)-210 airfoil at the effective 

design lift coefficient with the theoretical pressure distribution 
at the design lift coefficient. 
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( c ) — — — 0.2l\,. 


Figure 6.- Continued. 
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Figure 6.- Continued. 
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(g) a Q = -1.0; Oi - 0 . 05 . 


Figure 6.- Continued. 
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(h) a Q = -0.8°; Cj = 0.08. 


Figure 6.- Continued. 
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(k) a Q = 0°; C j = 0 . 18 . 


Figure 6.- Continued. 
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U) a 0 = 0.5O; Cj = 0.23. 


Figure 6.- Continued. 
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F igure 6.- Continued. 
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(p) a 0 = 4 . 0 °; c t = O.58. 


Figure 6.- Continued 
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